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Summary 
The Cucumis melo-Pseudoperonospora cubensis host-pathogen interaction is characterized by large 
variation in specificity. This report summarizes results obtained by laboratory screening of 52 C. melo 
accessions by 8 isolates of P cubensis. The isolates represent 8 different pathotypes with low, medium or 
high levels of pathogenicity. The reaction of C. melo accessions was evaluated on leaf discs removed from 
adult plants; sporulation intensity of P cubensis isolates was measured 6 to 14 days after inoculation. Relatively 
little variability in reaction patterns to P cubensis isolates was detected. The majority of C. melo accessions 
was highly susceptible to most of the P cubensis isolates studied. Altogether, 39 C. me lo accessions showed 
susceptibility to all 8 isolates. Relatively few accessions expressed incomplete resistance (8 accessions in 
15 interactions with P cubensis isolates) or heterogenous reactions (8 accessions in 13 interactions). Only 
one accession (PI 315410) was found to be highly resistant to some P cubensis isolates. Among studied C. 
melo accessions, 14 different reaction patterns can be distinguished based on qualitative differences in 
response to this set of P cubensis isolates. 
Keywords: cucurbit downy mildew, muskmelon, genetic resources, resistance variation, race-specific pattern 
Introduction 
In the genus Cucumis, Kirkbride (1993) recognized 32 species; two are economically 
important: cucumber ( C. sativus) and melon ( C. me lo) (Rubatzky and Yamaguchi, 1997). 
Cucumis me lo displays considerable intraspecific variation (Pitrat et al., 2000), notably 
including disease resistance (Pitrat et al., 1996). Downy mildew (Pseudoperonospora 
cubensis) and powdery mildews (Podosphaera xanthii and Golovinomyces cichoracearum) 
are considered to be among the most serious diseases (Zitter et al., 1996). Recent results 
demonstrated that C. melo is the only species in the genus wherein the phenomenon of 
race-specificity of the P. cubensis interaction has been described (Lebeda and Widrlechner, 
2003), and some effective sources of resistance are available (Pitrat et al., 1998; Lebeda, 
1999). Characterized sources of resistance are under di- or oligogenic control and are 
partially dominant (Pitrat et al., 1998). 
Nevertheless, most of these studies were realized under field conditions (Thomas, 
1999; More et al., 2002) without any precise specification of pathogen virulence. Yet 
P. cubensis exhibits significant variation of pathogenicity on both the individual and 
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population levels (Lebeda et al., 2006). So it would be worthwhile to determine resistance 
reactions for a broad range of C. melo germplasm with diverse, well-characterized P. 
cubensis isolates. To this end, we screened a diverse array of C. melo accessions from 
the US National Plant Germplasm System (NPGS) collection against well-characterized 
isolates, with the intent of clarifying patterns of host-pathogen interactions, identifying 
new sources of resistance, and studying the evolution of this pathosystem. 
Materials and methods 
Origin and character of plant material 
Fifty-two Cucumis melo accessions (Table I) were selected from a collection maintained 
by the NPGS 's North Central Regional Plant Introduction Station, Ames, Iowa, USA, 
to evaluate them for resistance/susceptibility to P. cubensis. These accessions originated 
from different geographical areas ( 16 countries) representing 4 intraspecific taxa: C. 
melo subsp. melo (47 accessions), C. melo var. flexuosus (2 accessions). C. melo var. 
inodorus ( 1 accession) and C. me lo (2 accessions). The highly susceptible C. sativus 
cultivar 'Marketer 430' was used as a control in all tests, as well as serving as the host 
for pathogen cultivation and multiplication (Lebeda and Gadasova, 2002; Lebeda and 
Widrlechner, 2004). 
Plant growing and preparation for tests 
Plants were grown using standard cultivation practices, as described by Lebeda ( 1986), 
Lebeda and Kfistkova (2000), Lebeda and Widrlechner (2004), in plastic pots in a glasshouse 
under optimal conditions (23-2TC/15-20°C day/night temperatures, daily watering, weekly 
fertilization). For the purpose of inoculation, well developed, healthy, fully turgid true 
leaves without any chemical treatment were detached from 6-12-week-old plants (Lebeda, 
1986a, 1991 ). Discs (15 mm in diameter) were cut from the leaves and placed, with 
their abaxial surface up, on wet filter paper in a plastic dish. Each C. melo accession 
was represented by 5 leaf discs in three replicates (one replicate per plant) to evaluate 
its interactions with each P. cubensis isolate under study (Lebeda and Gadasova, 2002). 
Origin and character of P. cubensis isolates 
Eight P. cubensis isolates ( 1/88, 6/96, 1/97, 6/97, 3100, 11/00, 12/00, 39/01) representing 
eight different pathotypes (Table 2) with low, medium or high levels of pathogenicity 
(Lebeda and Gadasova, 2002; Lebeda and Widrlechner, 2003) were selected for screening 
the C. melo accessions. The isolates were collected between 1988 and 2001 from infected 
C. sativus plants in the Czech Republic (7 isolates) and France (1 isolate) (Lebeda and 
Gadasova, 2002; Lebeda and Widrlechner, 2003). 
Isolates maintenance and cultivation 
Isolates of P. cubensis collected in the form of cucumber leaves covered with sporulating 
conidiophores were stored in Petri dishes at -20°C (Lebeda, l 986a). The spores remained 
vital for about six months, after which it was necessary to renew the cultures by fresh 
inoculations. 
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During the course of the experiments, isolates were cultivated on fresh leaves of C. 
sativus cv. 'Marketer 430' placed in Petri dishes on wet filter paper (Lebeda and Gadasova, 
2002; Lebeda and Widrlechner, 2004). After 8-10 days of cultivation (once mature spores 
were present on the leaf-surface), isolate cultures were transferred onto new cucumber 
leaves. Isolate cultivation and multiplication were conducted under the same conditions 
as used for the inoculation and incubation of C. melo accessions (described below). 
Plant inoculation and incubation 
Inoculum was prepared by shaking small pieces of the cucumber leaves bearing P. 
cubensis conidiophores with mature spores in distilled water. The spore suspension 
(1x105 spores/ml) was atomised over the abaxial surface of C. melo leaf discs with a 
glass sprayer (Lebeda, l 986a). Inoculated discs were incubated, as described by Lebeda 
(1986a, 1991), in a growth chamber at 18'C/IYC day/night. For the first 24h after 
inoculation, they were left in darkness, then they were held under a 12h photoperiod. 
Evaluation of C. melo reaction 
The reaction of C. melo leaf discs was evaluated visually from 6 to 14 days after 
inoculation (Lebeda and Gadasova, 2002) by using a 0-4 scale (Lebeda, 1986) to describe 
the sporulation intensity of P. cubensis isolates. For each C. me lo accession, the degree 
of infection (DI) was expressed as a percentage of maximal potential sporulation on 
day 14 (Lebeda, l 986a,b; Lebeda and Prasil, 1994; Lebeda and Gadasova, 2002). Four 
types of reactions, based on DI value and variation in leaf-disc response, were assigned: 
+,susceptible (DI= 35-100%); (+), heterogenous; (-),partially resistant (DI= 1-34%) 
and -, resistant (DI = 0%) (Lebeda and Widrlechner, 2003 ). 
Table 1. List of Cucumis me lo accessions screened for reaction to Pseudoperonospora 
cubensis 
Tax on Cucumis melo subsp. melo 
Item Accession number Cultivar or local name Country, State of origin 
l Ames 19036 Kazakhstan 
2 Ames 19037 Kazakhstan 
4 PI 108902 Persian Gulabe Turkmenistan 
5 PI 124112 2564 India, Bihar 
6 Pl 137843 Khiyar i ghaitan Iran 
7 PI 164187 Kachhri India, Rajasthan 
9 PI 177362 Semam Turkey, Hakkari 
10 PI183311 11204 India, Gujarat 
11 PI 185111 15591 Ghana 
12 Pl 193495 Po po me Ethiopia, Shewa 
13 PI 251516 Garmak Iran, Esfahan 
14 PI 251517 Semsury Iran, Esfahan 
16 Pl 266929 Kiku Japan 
17 PI 266932 New Melon Japan 
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18 PI 266934 Seikan Japan 
19 PI 266935 Hyogo Shiro-uri Japan 
20 PI 266937 Osaka Kuromon Aosh Japan 
21 PI 267083 Kzyl Kaun Turkmenistan 
23 PI 279367 10653 India, Rajasthan 
24 PI 293790 1339 Uzbekistan, Tashkent 
25 PI 304744 El Salvador 
26 PI 306134 Iran 
27 PI 307588 El Salvador, San Salvador 
28 PI 313970 VIR 5682 India 
29 PI 314149 Gulabi Uzbekistan, Samarquand 
30 PI 314179 Shakar- palak Uzbekistan 
31 PI 314427 Koljoznitza USA, Georgia 
32 PI 314653 336 Kazakhstan, Alma- Ata 
33 PI 314654 368 Kazakhstan, Alma- Ata 
34 PI 315410 VIR 5682 India 
35 PI 344303 Turkey, Ankara 
36 PI 344309 Kara K Turkey, Izmir 
37 PI 344318 Kelek Turkey 
38 PI 344322 Altindas Turkey 
39 PI 344345 180 Turkey, Tunceli 
40 PI 344396 201 Iran, Tehran 
41 PI 355056 Argitico Greece 
42 PI 357758 Koravica rana Yugoslavia 
43 PI 357783 Cicarka Yugoslavia 
44 PI 370021 Cu 70- 01 India 
45 PI 378059 Ginsen Makuwa (Sil) Japan 
46 PI 378062 Shirakawa nashi Ma Japan 
47 PI 379275 Gradecka Yugoslavia 
48 PI 385966 Ein Dor Kenya 
49 PI 403994 Meloncillo Colombia, Tolima 
50 PI 420176 Ginsen Makuwa (Sil) Japan, Hokkaido 
51 PI 420177 Kindawara Makuwaur Japan, Kagawa 
Tax on Cucumis me lo var. flexuosus 
Item Accession number Cultivar or local name Country, State of origin 
3 Ames 21185 010689 - 0105 Turkey, Malatya 
22 PI 279366 9935 India, Uttar Pradesh 
Tax on Cucumis melo var. inodorus 
Item Accession number Cultivar or local name Country, State of origin 
15 PI 255949 Orange Rind Greece 
Tax on Cucumis melo 
Item Accession number Cultivar or local name Country, State of origin 
8 PI 164433 Kakri India, Rajasthan 
52 PI 426629 Ter Pakistan 
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Table 2. Pathotype tetrade classification (Lebeda and Widrlechner, 2003) for the set 
of Pseudoperonospora cubensis isolates used for C. melo screening 
Group of differential Cucumis spp. Cucurbita spp. Other 
genotypes Cucurbitaceae Pathotype 
Number of differential 2 3 4 5 6 7 8 9 10 11 12 (Tetrade 
genotype numerical 
Evaluation of 2 4 8 2 4 8 2 4 8 codes) 
susceptible reaction 
Isolate Differential genotype reaction 
PC 3/00 1 2 0 0 0 0 0 0 0 0 0 0 3.0.0 
PC 6/97 0 0 0 0 2 0 0 0 2 0 8 1.2.10 
PC 1/88 2 0 0 0 2 0 0 0 2 0 8 3.2.10 
PC 11/00 0 0 0 0 2 0 8 0 2 0 8 1.10.10 
PC 6196 2 0 0 0 2 0 8 0 2 0 8 3.10.10 
PC 12/00 2 0 8 0 2 0 8 0 2 4 8 11.10.14 
PC 1197 2 4 8 0 2 0 8 1 2 0 8 15.10.11 
PC 39/01 2 4 8 1 2 4 8 1 2 4 8 15.15.15 
0 = resistant reaction; 1,2,4,8 = susceptible reaction 
Results and discussion 
Reaction of C. melo accessions to P cubensis isolates 
Inoculation experiments revealed that there is relatively little variability in reaction 
to P cubensis isolates among these 52 C. melo accessions. Most accessions were highly 
susceptible to most of the P cubensis isolates under study. Altogether, 39 C. melo accessions 
were susceptible to all eight isolates. Relatively few accessions expressed incomplete 
resistance (8 accessions in 15 interactions with P cubensis isolates) or heterogenous 
reactions (8 accessions in 13 interactions). Only one accession, PI 315410 (item 34 ), 
was found to be highly resistant to some of the P cubensis isolates. Among the C. me lo 
genotypes, 14 different reaction patterns can be distinguished based on qualitative differences 
in responses to the set of P cubensis isolates (Table 3). These results may seem surprising 
when considering the considerable morphological and molecular variation existing within 
C. melo (Lebeda and Widrlechner, 2003; Lebeda et al., 2006). Nevertheless, the proportion 
of (incomplete) resistant/susceptible genotypes in the screened set of C. me lo accessions 
is consistent with previous observations and experiments measuring the resistance of 
Cucumis species to P cubensis (e.g. Cohen, 1981; Thomas et al., 1987; Lebeda, 1990, 
1991, 1992; Lebeda and Dolefal, 1995; Lebeda and Widrlechner, 2003). 
In C. melo - P cubensis interactions, the phenomenon of race and pathotype specifity 
is becoming well understood (Thomas et al., 1987; Lebeda, 1991; Lebeda and Gadasova, 
2002). Our results relating to the resistant (or incompletely resistant) reactions of 8 C. 
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me lo accessions can also be interpreted from this perspective, as none of them expressed 
resistance against the entire set of P. cubensis isolates. Most notably, it holds true for 
accession PI 315410 (item 34 ), which displayed high resistance against 7 isolates but 
clear susceptibility to the eighth (PC 12/00). This distinct reaction pattern suggests the 
possible use of PI 315410 as a differential genotype for pathotypes identification or as 
a model organism for further research. The role of this accession in melon breeding as 
a source of race-specific resistance to P. cubensis should also be investigated by testing 
it against a larger set of P. cubensis isolates originating from various regions. 
After leaf-disc inoculation, different patterns of symptom development were observed 
among C. melo accessions, which may partly reflect variability within the host and the 
pathogen, but may be due to additional factors as well. Generally, early symptom development 
with rapid spread of the sporulating culture on the whole leaf-disc surface was a common 
feature favored by optimal laboratory conditions. Host-genotypes showing slower infection 
development and/or somewhat reduced DI values under such conditions may possess 
a certain degree of field resistance against P. cubensis, as reported by Lebeda and PraSil 
(1994). From this viewpoint, the practical use of several C. melo accessions (e.g. PI 
315410) that we tested (see Table 3) should be considered. 
It is noteworthy that some connections between resistance and geographic origin of 
C. melo accessions screened are evident. The C. melo germplasm under study (Table 
1) predominantly originated in regions considered as centers of origin and/or diversity 
of this species (Lebeda et al., 2007). First of all, India is widely considered as the 
primary gene center for C. melo (and C. sativus as well), and many of the most important 
sources of race-specific resistance to P. cubensis (e.g. PI 124111, PI 124112, PI 180280, 
and the Smith's Perfect cultivar) have been found there (Cohen, 1981; Lebeda, 1990). 
PI 315410, the C. me lo accession displaying the highest level of resistance in our screening 
also originated from India, as did accessions PI 370021(item44), PI 183311(item10) 
and Pl 124112 (item 5), characterized by intermediate reactions and several other accessions 
with heterogenous responses. In addition, Japanese and Chinese sources of race-specific 
resistance, especially with respect to field resistance or tolerance have been reported 
in the literature (Cohen, 1981; Lebeda, 1990, 1999). In our experiment, three Japanese 
C. melo accessions, PI 378059 (item 45), PI 420176 (item 50), and PI 420177 (item 
51 ), exhibited incomplete resistance to one or two isolates, and two other accessions 
from Japan showed some heterogenous reactions. 
Pathogenicity of P. cubensis isolates 
The 8 P. cubensis isolates used for this screening represent 8 pathotypes (Table 2) 
differing substantially in their pathogenicity on the differential set of Cucurbitaceae 
(Lebeda and Gadasova, 2002; Lebeda and Widrlechner, 2003). In relationship to the 
studied set of 52 C. melo accessions, variability in P. cubensis isolate pathogenicity 
was less distinctive. Differences in pathotype pathogenicity were expressed in only a 
few host-genotypes, mostly by means of incomplete resistant or heterogenous reactions 
(i.e. without clear compatibility/incompatibility expression). Among 8 P. cubensis isolates, 
7 different reaction patterns can be distinguished according to qualitative differences 
in pathogenicity to the set of C. melo accessions (Table 3). Isolate PC 12/00 resulted 
in the highest average sporulation intensity on these 52 accessions and was the most 
virulent one, causing highly susceptible reactions on all accessions except for one heterogenous 
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response. This agrees with its designation as a highly pathogenic pathotype (tetrade 
code 11.10.1 - Table 3). Isolates 3/00 and 1/97 also were highly virulent, surprisingly 
displaying the same reaction pattern, while representing pathotypes with considerably 
different pathogenicity levels. Isolate 3/00 was coded as pathotype 3.0.0 with low pathogenicity, 
while isolate 1197 was a highly pathogenic pathotype, coded 15.10.11 (Table 3). The 
lowest average sporulation intensity and the lowest level of virulence were recorded 
for isolate PC 1/88, giving (besides susceptible reactions) one resistant, five incomplete 
resistant and four heterogenous responses in C. me lo accessions. This finding correlates 
well with its low pathogenicity (pathotype 3.2.10). 
Table 3. Reaction patterns of Cucumis melo accessions to the set of Pseudoperonospora 
cubensis isolates 
Cucumis melo Pseudoperonospora cubensis isolate/Reaction 
accession 1/88 6196 1/97 6/97 3100 11/00 12/00 39/01 
1-4, 6, 7, 9, 11-16, 
18-27' 29-33, + + + + + + + + 
47 (+) + + + + + + + 
17 + (+) + + + + + + 
8 (+) + + + + + (+) + 
46 (+) + + + + + + (+) 
28 (+) (+) + (+) + + + + 
51 (-) + + + + + + + 
10 + + + + + + + (-) 
50 + (-) + + + + + (+) 
5 (-) + + (-) + + + + 
45 (-) (-) + + + + + + 
49 (-) (+) + + + (-) + (-) 
44 (-) (+) + (+) + (-) + (-) 
34 (-) (-) + 
= resistant reaction , DI (degree of infection): 0%; 
(-) = incomplete resistence, DI= 1-34%; 
(+) = heterogenous reaction; 
+ = susceptible reaction, DI = 35-100% 
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cv. Marketer 430. 
Figure 1. Classification of Cucumis melo accessions based on the average degree of 
infection of P. cubensis isolates at day 14. Dendrogram generated via single linkage 
based on standardized Euclidean distances. 
Comment to Figure I: 
More or less distinctive groups of C. melo accessions can be distinguished based on 
similarities in their quantitative reacti()ns to a set of 8 P. cubensis isolates. Most accessions 
were very similar in their responses, showing high degree of infection after inoculation 
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with any of 8 P. cubensis isolates (all entries at or above P 52). Accessions below entry 
P 52 (entries P 8 to P 34 ), are more clearly separated through lower degrees of infection 
occuring in interactions with some isolates. The outstanding position of entry P 34, PI 
315410, from other C. melo accessions reflects its high resistance to most of the isolates. 
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Figure 2. Pathogenicity of P. cubensis isolates: frequency of C. melo leaf discs with 
different levels of degree of infection at day 14. 
Comment to Figure 2: 
Among P. cubensis isolates, no considerable differences in sporulation intensity on the 
set of 52 C. melo accessions were observed in the time of finaly evaluation (14 dpi). 
All isolates reached high degrees of sporulation (3 a 4) on the most of C. melo leaf 
discs, but at the same time, less percentages of all other sporulation degrees were present, 
including absence of sporulation. Only isolate PC 12/00 was able to sporulate on all of 
the C. me lo leaf discs (resp. accesions). For purposes of comparison of the isolates' 
sporulation ability (intensity), data obtained from leaf discs of individual C. me lo accessions 
were pooled (n = 795). 
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